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SUMMARY 
A rev iew i s  presented on research i n v e s t i g a t i o n s  o f  severa l  acous t ic  
microscopy techniques f o r  a p p l i c a t i o n  t o  s t r u c t u r a l  ceramics f o r  advanced heat 
engines. Resul ts  obtained w i t h  scanning acous t ic  microscopy (SAM), scanning 
l a s e r  acous t ic  microscopy (SLAM), scanning e l e c t r o n  acous t ic  microscopy (SEAM), 
s i l i c o n  carbides i n  the  form o f  modulus-of-rupture bars con ta in ing  d e l i b e r a t e l y  
in t roduced f laws.  Strengths and l i m i t a t i o n s  o f  t h e  techniques a r e  descr ibed 
w i t h  emphasis on s t a t i s t i c s  o f  d e t e c t a b i l i t y  o f  f laws t h a t  c o n s t i t u t e  p o t e n t i a l  
f r a c t u r e  o r i g i n s .  
(V and photo-acoust ic microscopy (PAM) are compared. The techniques were evalu-  
a ated on research samples o f  green and s in te red  mono l i t h i c  s i l i c o n  n i t r i d e s  and m m 
u I 
INTRODUCTION 
Mono l i t h i c  s i l i c o n  carb ide and s i l i c o n  n i t r i d e  are  c u r r e n t l y  t he  l ead ing  
s t r u c t u r a l  ma te r ia l s  f o r  use i n  advanced power and propu ls ion  system compo- 
nents.  But, a l though both have good h igh  temperature s t renq th  and o x i d a t i o n  
res is tance,  they c u r r e n t l y  e x h i b i t  l o w  toughness ( b r i t t l e n e s s )  and unacceptable 
v a r i a b i l i t y  i n  t h e i r  mechanical p roper t ies  ( r e f .  1) .  The b r j t t l e n e s s  o f  ceram- 
i c s  can lead t o  sudden ca tas t roph ic  f a i l u r e  under working stresses. These fac-  
t o r s  l ead  t o  unpred ic tab le  performance which i s  t h e  most ser ious handicap t o  
the  use o f  mono l i t h i c  ceramics i n  load-bearing s t ruc tu res .  Moreover, these 
problems a re  aggravated by and usual ly  t raceab le  t o  poor c o n t r o l  over f l a w  
popu la t ions .  
Mono l i t h i c  ceramics are  very sens i t i ve  t o  minute f laws so t h a t  even f laws 
i n  the  20 t o  50 vm s i z e  range are  l i k e l y  t o  be c r i t i c a l .  
r e l i a b i l i t y  i s  t o  screen ou t  ceramic p a r t s  t h a t  con ta in  harmfu l  f laws.  Another 
approach i s  t o  use nondestruct ive evaluat ion (NDE) techniques f o r  process con- 
t r o l .  Th is  inc ludes use o f  NDE techniques du r ing  processing development 
research t o  de tec t  and t o  he lp  devise ways t o  reduce the  inctdence o f  harmful  
f laws.  This  r e p o r t  descr ibes the  c a p a b i l i t i e s  and l i m i t a t i o n s  o f  severa l  
acous t ic  microscopy technlques f o r  de tec t ing  minute f laws t h a t  can severe ly  
reduce t h e  r e l i a b i l i t y  o f  mono l i th ic  s t r u c t u r a l  ceramics. 
One way t o  assure 
SCANNING LASER ACOUSTIC MICROSCOPY (SLAM) 
A SLAM system i s  depic ted i n  f i gu re  1, where a continuous wave t r a i n  pro- 
duced by an u l t r a s o n i c  c r y s t a l  I s  t ransmi t ted through a m a t e r i a l  sample. The 
waves a r e  modulated by sur face roughness, m a t e r i a l  t ex tu re ,  anomalies and 
f laws.  I n t e n s i t y  and phase var ia t ions  o f  waves reaching t h e  opposi te  sur face 
c rea te  a d is turbance p a t t e r n  t h a t  i s  dup l i ca ted  on the  r e f l e c t i v e  cove r -s l i p  
coupled t o  the  surface. The d is turbance p a t t e r n  i s  raster-scanned by a l a s e r  
beam over an area approxlmately 2 m2. 
pat te rn ,  i s  r e f l ec ted  onto a photo-detector and converted i n t o  an e l e c t r o n i c  
s igna l  f r o m  w h l c h  a video image i s  generated. The video image shows fea tures  
w i t h i n  the  mater ia l  sample (cracks,  voids,  i nc lus ions )  t h a t  have in te rcep ted  
the  through- t ransmi t ted waves. 
ra tes  and i s  usua l l y  presented a t  a rnagn i f i ca t lon  o f  roughly  1OOX. The sample 
may be s l i d  sideways t o  get  new images a t  d i f f e r e n t  l oca t i ons .  SLAM images 
generated by a 100 MHz c r y s t a l  appear i n  f i g u r e  2. 
The l a s e r  beam, modulated by t h e  
The SLAM image i s  re f reshed a t  v ideo frame 
The r e l i a b i l i t y  o f  SLAM f o r  f l a w  de tec t i on  i n  s i l i c o n  carb ide and s i l i c o n  
n i t r i d e  was evaluated by i n t roduc ing  known populat ions of microvoids l n t o  
representa t ive  samples ( r e f .  2 ) .  Green ceramic powder compacts were seeded 
w i t h  p l a s t i c  microspheres f r o m  50 t o  530-pm diameter.  
t i l l z l n g  t h e  spheres i n  a preheat t reatment.  The seeded voids remained a f t e r  
s i n t e r i n g  the  compacts i n t o  modulus-of-rupture (MOR) bars.  The seeded micro-  
voids were representat ive o f  n a t u r a l  voids t h a t  account f o r  roughly  25 percent  
o f  f r a c t u r e  o r lg ins  found i n  ceramic MOR specimens ( r e f .  3 ) .  The numbers o f  
seeded vo ids o f  various s i z e s  were s u f f i c i e n t  f o r  generat ing p r o b a b i l i t y - o f -  
d e t e c t i o n  (POD) s t a t i s t i c s .  Resul ts a re  shown i n  f i g u r e  3. 
Voids formed a f t e r  vo la-  
I t  i s  evident f rom f i gu res  2 and 3 t h a t  sur face prepara t ion  by p o l i s h i n g  
or  g r i n d i n g  i s  needed t o  enhance the  d e t e c t a b i l i t y  even o f  near-surface voids 
grea ter  than 50-pm diameter.  
r a t i o  i n  SLAM images. Moreover, MOR bar samples w i t h  a s - f i r e d  (as-s in te red)  
surfaces show decreased f l a w  d e t e c t a b i l i t y  w i t h  increased th ickness.  Flaw 
d e t e c t a b i l i t y  a lso depends on t h e  r e l a t i v e  coarseness o f  t h e  m a t e r i a l  micro-  
s t r u c t u r e .  I n  s l l i c o n  carb ide samples f l a w  d e t e c t a b i l i t y  was found t o  be s i g -  
n i f i c a n t l y  l ess  than i n  s i l i c o n  n i t r i d e  samples t h a t  had a much denser g r a i n  
s t r u c t u r e  ( r e f .  4 ) .  
Surface roughness a f f e c t s  the  s igna l - to -no ise  
SLAM i s  an exce l len t  research t o o l  bu t  has somewhat l i m t t e d  a p p l i c a b i l i t y  
t o  complex shapes u s u a l l y  found i n  heat engines. 
a t e s t  ob jec t  i s  needed. Appl ied t o  simple geometric shapes, SLAM does permi t  
continuous rea l - t ime imaging. 
sonic imaging methods and f o r  analyz ing wave propagat ion modes. 
t o  v i s u a l i z e  wave i n t e r a c t i o n s .  The s i z e  and depth o f  some types of f laws can 
be determined f r o m  SLAM image d i f f r a c t i o n  pa t te rns  ( r e f .  5 ) .  
Access t o  opposing s ides o f  
SLAM can form a bas is  f o r  assessing o ther  u l t r a -  
I t  can be used 
SCANNING ACOUSTIC MICROSCOPY (SAM) 
SAM i s  bas i ca l l y  a r e f l e c t i o n  C-scan technique. As shown i n  f i g u r e  4, SAM 
uses a pulse-echo plezotransducer t o  generate and rece ive  u l t r a s o n i c  r a d i a t i o n .  
Usual ly,  t he  t e s t  ob jec t  i s  immersed i n  a l i q u i d  medium, b u t  o ther  vers ions 
r e q u i r e  on ly  a s m a l l  drop o f  l i q u i d  t o  he lp  t ransmi t  u l t r a s o n i c  waves. An 
acous t ic  lens focuses the u l t r a s o n i c  energy. By a d j u s t i n g  the  d is tance between 
the  transducer and t e s t  ob jec t  sur face i t  i s  poss ib le  t o  p u t  t he  f o c a l  p o i n t  
a t  d i f f e r e n t  planes w i t h i n  the  ob jec t .  Mechanical scanning i s  used t o  b u i l d  
images o f  features near those planes. The ampl i tude o f  t h e  u l t r a s o n i c  s igna l  
re turned t o  the  transducer f r o m  w i t h i n  the  sample w i l l  be n i l  i f  the re  i s  no 
r e f l e c t o r  o r  d i s c o n t l n u i t y  a t  a g iven p o i n t .  
t i o n ,  o r  inc lus ion ,  the s igna l  s t rength  w i l l  vary  accord ing t o  the  acous t ic  
mismatch w i t h  the ma te r ia l  a t  t h a t  l oca t i on .  The s igna l  s t reng th  f o r  each x-y 
coord inate p o i n t  i s  d i g i t i z e d  and added t o  an image ar ray .  Upon complet ion o f  
Should the re  be a vo id,  delamina- 
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a frame scan, the completed image is called up on a video monitor. A SAM image 
generated with a transducer operating at a center frequency of 50 MHz appears 
in figure 5. 
Unlike SLAM images, SAM images are not instantaneous (i.e., not produced 
at video frame rates). SAM images are produced by mechanical microscanners so 
that it may take up to 10 min to image a 5 mm square area with a 25 pm line 
resolution. Video frame rates are possible with high-speed, acousto-mechanical 
drivers. Then, the scanned area must be several orders smaller. These latter 
SAM devices achieve higher magnifications and usually operate at transducer 
frequencies exceeding 1 GHz. This calls for metallurgically polished surfaces 
that are impractical for the Inspection needs contemplated here (ref. 6). 
With SAM, access only to one side of a test object and no mechanical con- 
tact are needed. SAM can be adapted to curved surfaces by means of articulated 
probes. SAM can be used for surface and substrate characterization. By digi- 
tizing and saving the signals for each x-y coordinate point a considerable 
amount of flaw characterization data can be stored for future retrieval and 
analysis. There is no limit on part thickness but depth of penetration is 
primarily limited by attenuation of the high ultrasonic frequencies needed to 
resolve microflaws. Although much slower than SLAM, SAM produces sharper 
Images of flaws and allows easier estimation of flaw depth. Precision in flaw 
definition flaw location are gained by sacrificing speed since repeated frame 
scans are needed with the focal spot positioned at a different depth for each 
successive scan. 
Figure 6 compares SLAM POD data for seeded microvoids in silicon carbide 
A preliminary SAM datum is plotted in figure 6 and slllcon nitride MOR bars. 
to show the roughly tenfold increase in the depth at which 20-pm diameter voids 
are detected by SAM. The SAM datum is based on 14 detected 20 pm voids out of 
14 seeded in silicon nitride at a depth of 1000 pm. 
PHOTO-ACOUSTIC MICROSCOPY (PAM) 
A PAM system is depicted in figure 7. The sample to be inspected Is 
enclosed in a gas (air) filled acoustic isolation cell containing a sensitive 
microphone. The cell contains a clear window through which a laser beam can 
raster scan the sample surface. The laser beam is chopped and its diameter and 
intensity are adjusted so that each point hit by the beam is periodically 
heated. This results in highly localized thermal cycling of the substrate and 
periodic motion of the surface. The resultant pressure fluctuations (sound 
waves) in the gas are sensed by the microphone. These acoustic signals are 
collected for each x-y coordinate position of the laser beam. The signals are 
used to generate maps (images) of material variations and flaws. The magnitude 
and phase of the acoustic waves are related to thermal property variations and 
any flaws that are present near the surface. 
detected depends on the material's thermal diffusion length (ref. 7). 
The depth to which flaws can be 
PAM is readily adapted to complex shapes by designing appropriate isola- 
tion cells to contain them. Of the techniques mentioned so far, only PAM is 
essentially noncontacting (SLAM and SAM required liquid coupling). Conceptu- 
ally, because it does not need liquid couplants that would be detrimental, PAM 
should be applicable to green samples. But PAM has a serlous drawback because 
laser beams with intensitles sufficient to generate strong acoustic waves can 
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mar t h e  sur face along the  scan l i n e s .  Subsequent s i n t e r i n g  o f  t h e  marred sam- 
p les  apparent ly  causes cracks i n  the  scanned areas t h a t  do no t  appear i n  the  
unscanned areas. Hence, PAM seems inappropr ia te  f o r  green ceramics. Moreover, 
cont inued scanning o f  green samples tends t o  re lease gases t h a t  coat t h e  c e l l  
window and occlude the  l a s e r  beam. 
The s p a t i a l  r e s o l u t i o n  o f  PAM images can be made comparable t o  t h a t  o f  
e i t h e r  SLAM o r  SAM, bu t  the  r e s o l u t i o n  i s  obtained by s a c r i f i c i n g  scan speed. 
For the  same s p a t i a l  reso lu t i on ,  PAM i s  t he  s lowest o f  t he  t h r e e  techniques. 
The a b i l i t y  t o  detect  small f laws depends on scan l i n e  dens i t y  and scan speed. 
The l a s e r  scan speed i s  l i m i t e d  by thermal i n e r t i a .  The beam must dwe l l  long 
enough a t  each po in t  t o  produce a f i x e d  number o f  thermal o s c i l l a t i o n s .  
take roughly  4 h r  t o  scan a 1 cm square area w i t h  a l i n e  r e s o l u t i o n  of 25 pm. 
I t  may 
Surface-connected pores and inc lus ions  25 pm and l a r g e r  were detected i n  
s in te red  s i l i c o n  n i t r i d e .  Subsurface pores and inc lus ions  35 pm and l a r g e r  
were detected t o  70 pm below the  surface. Voids 200 pm i n  diameter and 200 pm 
below t h e  surface were missed. Add i t i ona l  de tec t i on  c a p a b i l l t l e s  a re  c i t e d  i n  
f l g u r e  8 which shows a PAM Image o f  an a s - f i r e d  s l l i c o n  n i t r i d e  sample. I n  PAM 
as i n  SLAM images background no ise  tends t o  be high, apparent ly  because o f  sur-  
face roughness, mater ia l  m i c r o s t r u c t u r a l  coarseness, and nonresolvable f l a w  
popu la t ions .  
SCANNING ELECTRON ACOUSTIC MICROSCOPY (SEAM) 
A SEAM system i s  depic ted i n  f i g u r e  9. An e l e c t r o n  beam r a s t e r  scans and 
c y c l i c a l l y  heats micron diameter areas on t h e  sample surface. 
t r o n  beam cu r ren t  f low,  i t  i s  necessary t h a t  t he  sample be housed i n  a h i g h  
vacuum enclosure whlch i s  u s u a l l y  shared w i t h  a scanning e l e c t r o n  microscope 
(SEM) system. Then, the  system operates i n  two modes: SEM and SEAM. The SEM 
mode w i l l  produce a convent ional  backscat ter  e l e c t r o n  Image o f  t h e  sample sur-  
face. 
modulated, usua l ly  a t  f requencies i n  the  range f rom 100 Hz t o  10 kHz. As each 
spot i n  the  rastered area i s  heated, acous t ic  emission waves a re  generated 
w i t h i n  the  sample. 
by f laws and other imper fec t ions .  The r e s u l t a n t  s igna ls  a re  sensed by a piezo- 
e l e c t r i c  c r y s t a l  bonded t o  the  sample, usua l l y  t o  t h e  face oppos i te  the  one 
being scanned. 
p l e  appear i n  f i g u r e  10. 
To a l l o w  e lec-  
I n  the  SEAM mode the  e l e c t r o n  beam i s  o f  h igher  i n t e n s i t y  and c y c l i c a l l y  
These the rma l l y  induced acous t ic  emissions a r e  modulated 
SEM and SEAM images o f  t h e  same area o f  a s i l i c o n  carb ide  sam- 
The SEAM technique i s  c e r t a i n l y  appropr ia te  f o r  ma te r ia l s  research and f o r  
i nspec t i ng  mic roe lec t ron ic  c i r c u i t  components and s i m i l a r  a r t i c l e s .  Ceramics 
and o the r  nonconductors need t o  be coated w i t h  a conduct ing l a y e r  t o  a t t r a c t  
t he  beam elect rons.  A carbon depos i t  on s i l i c o n  carb ide  o r  s i l i c o n  n i t r i d e  
samples a l s o  enhances image con t ras t .  The need f o r  a h igh  vacuum environment 
can pose a problem f o r  some types o f  ceramic pa r t s ,  e s p e c i a l l y  i f  they tend t o  
outgas. SEAM images can be produced a t  ra tes  i n te rmed ia te  between SLAM and 
PAM. The image o f  a 5 mm square area can be generated i n  roughly  1 min. The 
l i n e  r e s o l u t i o n  o f  SEAM i s  o f  t he  order  o f  5 pm. The s p a t i a l  r e s o l u t i o n  o f  
SEAM images depend on t h e  thermal wavelength w h i l e  t h e  depth o f  d e t e c t i o n  
depends on the  thermal d i f f u s i o n  l eng th  i n  the  m a t e r i a l  ( r e f .  8) .  
c 
Pre l im ina ry  i nves t i ga t i ons  on s i l i c o n  carb ide  and s i l i c o n  n i t r i d e  samples 
i n d i c a t e  t h a t  SEAM r e a d i l y  images s u p e r f i c i a l  p i t s ,  nodules, and n a t u r a l  
4 
cracks.  Surface-connected cracks emanating f rom Knoop inden ta t i ons  were 
reso lvab le  down t o  10 pm o f  length.  I n  s i l i c o n  carb ide seeded vo ids o f  500 pm 
diameter were r e a d i l y  imaged t o  a depth o f  550 pm w h i l e  200 pm diameter vo ids 
a t  a depth of 300 pm were missed. 
diameter were missed a t  a depth o f  200 pin. 
I n  s i l i c o n  n i t r i d e  seeded vo ids o f  130 pm 
DISCUSSION 
The f o u r  acous t ic  microscopy techniques compared I n  t h i s  paper have the  
a b i l i t y  t o  de tec t  minute f laws i n  mono l i th ic  ceramics. The problem i s  t o  
d e f i n e  the  r e l a t i v e  s t rengths and l i m i t a t i o n s  o f  t h e  techniques. 
technique should be evaluated i n  te rms  o f  p r o b a b i l i t y  o f  d e t e c t i o n  (POD) s ta -  
t i s t i c s .  Otherwise, i t  i s  impossible t o  asse r t  t h e  essen t ia l  m e r i t  o f  any 
g iven technique over another. Accomplishing t h i s  proves t o  be q u i t e  d i f f i c u l t  
because known populat ions o f  d i f f e r e n t  k inds o f  l i k e l y  f laws need t o  be syste- 
m a t i c a l l y  embedded I n  representat ive t e s t  samples. One fLFquent ly -occur r ing  
fa i l u re -caus ing  f l a w  type can be represented by artlficla';y implanted micro-  
voids.  This repo r t  covers POD s t a t i s t i c s  f o r  on ly  one tecnnique, namely SLAM, 
t o  i l l u s t r a t e  i t s  microvoid detect ion c a p a b i l i t y .  The SLAM example prov ides a 
touchstone f o r  assessing the  r e l a t i v e  m e r i t s  of t he  remaining acous t ic  micro- 
scopy techniques discussed here in .  
I d e a l l y ,  each 
Acoust ic microscopy techniques should be considered f o r  r e s o l v i n g  f laws 
i n  t h e  range from 10 pm t o  several  hundred microns. To achieve s u f f i c i e n t  spa- 
t i a l  r e s o l u t i o n  i t  i s  necessary t o  r e s t r i c t  t he  area t o  be imaged, t y p i c a l l y  
f rom 1 mn2 t o  about 1 cm2. Although t h e r e  may be compel l ing reasons t o  
i nspec t  c e r t a i n  c r i t i c a l  areas t o  the 10 pm l e v e l  o f  reso lu t i on ,  i t  i s  cur-  
r e n t l y  i m p r a c t i c a l  t o  demand t h a t  every square m i l l i m e t e r  o f  a ceramic heat  
engine p a r t  be inspected t o  t h a t  leve l .  Searching f o r  minute f laws and 
a t tempt ing  t o  reso lve  each one can lengthen inspec t i on  t ime beyond acceptable 
bounds. This s i t u a t i o n  demands tha t  c a r e f u l  cons idera t ion  be g iven t o  optimum 
inspec t i on  s t ra teg ies .  These s t ra teg ies  should be guided by a n a l y t i c a l  i d e n t i -  
f i c a t i o n  o f  those l o c i  t h a t  m e r i t  de ta i l ed  i nspec t i on  f o r  minute f laws.  
Although SAM appears t o  be the bes t  technique f o r  s in te red  ceramics no 
s i n g l e  acous t ic  microscopy technique can be c i t e d  as t h e  p r e f e r r e d  one and none 
of t h e  techniques can be e l im ina ted  f rom considerat ion.  I f  a technique i s  n o t  
s u i t a b l e  f o r  hardware inspec t ion ,  then i t  may be p re fe r red  as a research t o o l .  
Each technique has a t  l e a s t  one des i rab le  fea tu re  l a c k i n g  i n  t h e  others.  For 
example, SAM g ives b e t t e r  f l a w  detec t ion  and d e f i n i t i o n  than SLAM, b u t  SLAM 
gives Immediate images w h i l e  SAM takes more t ime t o  image t h e  same area. 
The f i n d i n g s  presented i n  t h i s  paper were obtained through research con- 
ducted a t  o r  under con t rac t  t o  the NASA Lewis Research Center. Each acous t ic  
microscopy technique was viewed r e l a t i v e  t o  i t s  a p p l i c a b i l i t y  t o  green s t a t e  
and f u l l y  d e n s i f i e d  (e.g., s in te red)  ceramic components. Convenience i n  exam- 
i n i n g  p a r t s  having complex shapes was a l s o  considered. Techniques t h a t  do n o t  
r e q u i r e  contac t  probes a re  pre fer red  f o r  ease of i nspec t i on  and, p a r t i c u l a r l y ,  
t o  avo id  pe r tu rb ing  green s t a t e  compacts. U l t rason ic  methods u s u a l l y  r e q u i r e  
probes t h a t  make contact  through a coupl ing medium. 
use l ase rs  f o r  producing and sensing u l t r a s o n i c  waves a re  a t t r a c t i v e  a l t e r n a -  
t i v e s .  Of t he  methods descr ibed herein PAM uses a l a s e r  beam t o  produce u l t r a -  
sonic waves w h i l e  SLAM uses a l ase r  beam t o  de tec t  u l t r a s o n i c  s igna ls  t h a t  have 
propagated through a p a r t .  
Noncontact methods t h a t  
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A t  t h i s  w r i t i n g ,  there  e x i s t s  no s i n g l e  acous t ic  microscopy technique t h a t  
prov ides t o t a l l y  p r a c t i c a l  " l ase r - i n ,  l ase r -ou t "  u l t r a s o n i c  f l a w  Imaging. One 
technique t h a t  o f f e r s  noncontact l ase r  Imaging c a p a b i l i t y  i s  the  so-ca l led 
mirage technique. I n  the mirage technique a normal ly  i n c i d e n t  chopped l a s e r  
beam heats a spot on t h e  surface. 
w h i l e  j u s t  sklmmlng p a r a l l e l  t o  the  sur face i s  de f l ec ted  by the  a i r  lens formed 
due t o  heat ing.  The d e f l e c t i o n  i s  r e l a t e d  t o  t he  f laws o r  subs t ra te  anomalies 
a t  t he  heated spot ( r e f .  9 ) .  Other noncontact approaches belonging t o  t h i s  
thermal wave imaging genera u t i l i z e  i n f r a r e d  emission o r  probe beam r e f l e c t i o n  
t o  de tec t  f laws and anomalies. These l a t t e r  techniques a r e  under study and 
have repor ted reso lu t ions  of t he  order o f  1 pm. O f  course, t h i s  r e s o l u t i o n  
c a p a b i l i t y  I s  won a t  t he  expense o f  long times needed t o  produce an image. 
Moreover, they are sub jec t  t o  e f f e c t s  o f  sur face roughness, curvature,  adsorbed 
layers,  and b lnde rs /vo la t i l es  i n  green s t a t e  ma te r ia l s .  
A second l a s e r  beam t h a t  crosses t h e  f i r s t  
CONCLUSION 
This  paper reviewed acoust lc  microscopy techniques s u i t a b l e  f o r  f l a w  
d e t e c t i o n  and imaging i n  mono l i t h i c  ceramics. The c a p a b i l i t i e s  and l i m i t a t i o n s  
o f  f ou r  techniques were  descr ibed and compared: scanning l a s e r  acous t ic  micro-  
scopy (SLAM), scanning acous t ic  microscopy (SAM), photo-acoust ic microscopy 
(PAM), and scannlng e l e c t r o n  acoust lc  microscopy (SEAM). Although t h e  rev iew 
g iven he re in  was no t  comprehensive, i t  d i d  at tempt t o  i n d i c a t e  t h e  na ture  and 
c u r r e n t  advantages and disadvantages o f  t he  aforementioned techniques. The 
main conclus ion i s  t h a t  a l though SAM appears t o  be a v e r s a t i l e  h igh  r e s o l u t i o n  
d e t e c t i o n  technique, i t  would be i napprop r ia te  t o  exclude t h e  o thers  f rom con- 
s i d e r a t i o n  i n  special  cases o r  as means t o  augment o r  cor robora te  SAM. It was 
a l s o  po in ted  out  t h a t  acoust ic  microscopy i s  by nature time-consuming and 
h i g h l y  dependent on f a c t o r s  l i k e  sur face roughness whenever f laws o f  t h e  order  
o f  30 pm o r  l ess  are  sought. This demands t h a t  use o f  acous t ic  microscopy 
techniques be based on c a r e f u l l y  considered s t r a t e g i e s  f o r  t h e i r  a p p l i c a t i o n  
t o  ac tua l  hardware. 
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FIGURE 1. - DIAGRAM OF SCANNING LASER ACOUSTIC MICROSCOPE (SLAM). 
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FIGURE 2 - REPRESENTATIVE SLAM IMAGES OF FLAWS I N  SINTERED SILICON 
CARBIDE SPECIMENS SHOWING INCREASED FLAW DETECTABILITY AFTER 
SURFACE ROUGHNESS I S  REDUCED BY POLISHING. 
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FIGURE 3. - REPRESENTATIVE PROBABILITY OF DETECTION (POD) CURVES BASED ON SEEDED VOID POPU- 
LATIONS SHOWING EFFECT OF SURFACE CONDITION AND SPECIMEN THICKNESS ON DETECTION OF VOIDS 
I N  SINTERED SILICON NITRIDE USING SLAM. 
(a) 2 m m  thick. (c) 4 m m  thick. 
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FIGURE 5. - REPRESENTATIVE S A M  IMAGES OF VOIDS IN SILICON NITRIDE MODULUS OF RUPTURE (MOR) SPECIMEN. SEEDED 
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FIGURE 7. - DIAGRAM OF PHOTO-ACOUSTIC MICROSCOPY (PAM) SYSTEM. 
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FIGURE 8. - DIGITIZED P A M  IMAGE SHOWING DETECTABILITY OF SEEDED IN- 
TERNAL VOIDS !N AS-FIRED SIL!COA CARBlDE MOR BARS. RADIOGRAPH 
IS INSERTED TO SHOW WHICH VOIDS WERE DETECTED OR MISSED. VOIDS 
DETECTED B Y  P A M  WERE 450 pm diam. 270 pm DEEP. VOIDS MISSED B Y  
P.AM WERE 450 ;In d i a m ,  810 TO 1260 pf l  DEEP. 
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FIGURE 9. - DIAGRAM OF SCANNING ELECTRON ACOUSTIC MICROSCOPE (SEAM). 
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